We have been interested by sila and germacyclopentenes (I) for a long time. Such rings formally result from 1,4-cycloaddition of silylenes and germylenes with 1,3-dienes. We summarize the principal methods we have developed to obtain several series of heterocyclic compounds (I) with various substituents on metal Μ and or on the 3 or 4 sp2 carbons of the metallacyclopent-3-enes.
Introduction
"Sila and Germacyclopentenes" are closely related to metallacarbenes of group 14. Silylenes, germylenes, stannylenes and plumbylenes have been prepared. Their stability depends on the nature of the two substituents bonded to the heteroatom Μ = Si, Ge, Sn, Pb. Bulky substituents as Tbt (Tbt = 2,4,6-tris-[bis(trimethylsilyl)methyl]phenyl), Tip (Tip = 2,4,6-triisopropylphenyl) are able to introduce kinetic stabilization of such metallacarbenes [l] .
For example, Tbt(Tip)Ge: is stable in solution as shown recently by Okazaki et al. [1] . With regards to dialkylgermylenes, Läppert et al. [2a] described the first stable compound [(Me^Si^CH] Ge in 1976. Jutzi et al.[3] have obtained an X-ray crystallographic structure analysis of (Me 3 Si) 3 C[(Me Si) 2 CH]Ge: in 1991. On the other hand, bis(2,4,6-tri-t-butylphenyl)germylene prepared by du Moni^et al.[4^, the sterically most crowded diarylgermylene reported so far, survived only below -10°C and underwent intramolecular cyclisation at higher temperatures.
In the case of stannylenes, Kira, Sakurai et al. [5] recently isolated a stable, monomelic dialkylstannylene, 2.2.5.5-tetrakis(trimethylsilyl)-l-stannacyclopentane-l,l-diyl, in the solid state. A stable diarylsubstituted stannylene has been reported by Grützmacher et al [6] . As shown by Okazaki et al.[l] , the combination of Tbt and Tip groups are also useful to stabilize Tbt(Tip)Sn:, a strikingly stable monomelic stannylene.
The kinetically stabilized diarylplumbylene Tip Pb: was found to be stable only in solution at 40°C [1] ,
In the silylene series, we mention the generation of Tbt(Mes)Si: from disilenes thermolysis (50°C in THF). This unstable silylene, may be chemically trapped by methanol, triethylsilane, methyl iodide, diphenylethanedione, sulfur, ... [1] .
The reaction of metallacarbenes of group 14 with conjugated dienes is of primary, interest to our topic. As a matter of fact, such a reaction leads to l-metallacyclopent-3-enes (I) On the other hand, no reaction has been reported between Tip^Pb and 2,3-dimethylbutadiene. The proposed mechanism of this reaction involves the initial 1,2-addition of silylenes to buta-l,3-diene [7] to form a vinylsilacyclopropane. This is followed by a 1,3-silyl shift, rather than Si-C bond rupture. Thus 1-silacyclopent-3-ene is formed as the main product beside silacyclopent-2-ene as minor derivative.
I-Preparation of β (and a) sila and (germa)cvclopentenes (I) In order to prepare l-germacvclopent-3-enes. we have chosen to take advantage of the peculiar properties of diiodogermylene. This germylene is obtained in two steps from germanium tetrachloride. Gel is a crystalline, air-stable compound. Nevertheless, this dihalogenogermylene has significant chemical reactivity. We may mention substitution reactions [l] , insertion reactions [8] and addition reactions [9] as shown in scheme I :
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Scheme I: Reactions of diiodogermylene Isoprene and 2,3-dimethylbutadiene react with Gel^ without solvent. In the case of 1,3-butadiene, an inert solvent (pentane, hexane) is required. The reaction takes place quantitatively in an autoclave at 80°C. Such l,l-diiodo-l-germacyclopent-3 enes are suitable synthons for substitution reactions on the germanium atom [9a,9b, 10] . In this way, alkyl, aryl, alkoxy groups have been introduced leading to a large variety of 1-germacyclopent-3-enes. The presence of the α-isomer suggests the involvement of an allylic radical [14] . In order to obtain silacyclopentenes with two functions on the heteroatom, we have to consider the Chernyshev's reaction (V) [15] However this procedure is not economical due to the high cost or lack of commercial availability of hexachlorodisilane. Wfe propose a simple method based on available derivatives which can be carried out in standard laboratory conditions [16] . 1,4-cw-Dichloro-2-butene reacts with trichlorosilane in the presence of triethylamine and a catalytic amount of cuprous chloride to yield rii-l-trichlorosilyl-4-chloro-2-butcne as the major product. This reaction pathway involves trichlorosilylcuprate reagent cw-l-Trichlorosilyl-4-chloro-2-buteneis reacted with magnesium powder in ether to give l,l-dichloro-l-silacyclopent-3-ene in an overall fifty percent yield:
Mono and disubstitution reactions at silicon atom have been performed on the 1,1-dichloro-l-silacyclopent-3-ene. Grignard derivatives may substitute one[l lc] or two chlorine atoms [17] . Lithium-aluminium hydride leads to H, H-silacyclopent-3-enes [18] . Similarly, diphenylphospinomethyl lithium reacts as shown below :
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The resulting product has the particularity to present two exocyclic basic centers and behave as a four electron ligand. Nickel chloride, for instance, leads to a spirosilacompound [19] . As shown by Corriu, Satge [20] and Hampden Smith [21] , it is possible to obtain germacyclopentenes with two metals (Mn, Fe, Co) directly bonded to the germanium atom.
1-H 1-silacyclopentenes also have other synthetic potentials. Thus, catalysed hydrosilylation reactions have been performed with several terminal olefins. For example, we have been interested in silacyclopentenes which contain a hydrophobic chain. Such long chains have been introduced by platinum-catalyzed hydrosilation reactions with 1-decene or 1-dodecene as reagent. Subsequently, the silacyclopentene ring may be functionalized in order to create a polar head group to obtain amphiphilic derivatives [22] . Ethylenic bonds of 4-allyloxyphenyl or 4-allyloxybiphenyl also undergo a catalytic hydrosilylation with the Si-Η bond of silacyclopentenes. New silacyclopent-3-ene monomers were thus obtained and then submitted to polymerisation. Those polymers, containing pendant mesogenic groups, behave as liquid crystalline materials [23] . In the case of 3-allylpyridine, the polymer contains pendant pyridyls groups which confer original properties to this new material [24] .
We now have in our hands several methods to prepare various 1-sila (and l-germa)cyclopent-3-enes (I). We have been interested to transform such p-metallolenes to a-silolenes (and α -germolenes).
The first method [25] (reaction VIII) is based on the radical reaction of N-bromosuccinimide with p-sila (and germa)cyclopentenes. The mixture of α and ß-bromoisomers is then reduced (LiAlH ). Some 4 β-decomposition occurs and chemical purification (Br^, CCl^, 
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Ene reaction have also been utilized to transform β-to a-metalloenes [26] . With some enophiles such as vinyltrichlorosilane and vinyltrichlorogermane, a high temperature is required :
II-Ring opening polymerisation of 1-sila and l-germacyclopent-3-enes (I)
Anionic ring opening polymerisation occurs when molecules (I) are treated at low temperature with a catalytic amount of n-butyllithium in the presence of a base (HMPA) in THF. Poly(l-sila) and (1-germa)-ris-pent-3-enes (III) are so generated [17, 18, 24, 27] and characterized by 13 Ring opening reactions of (II) catalysed by alkyllithium reagents and hexamethylphosphoramide (HMPA) have been studied. High yields of dimer are formed for R*, R 2 = H; R 3 , R 4 = Me. The structure of the dimer has been determined by X-ray crystallography [29] ,
Ring opening metathesis polymerisation of 1,1-diphenyl l-silacyclopent-3-ene [30] has been performed using tungsten hexachloride and either cyclopentene or cyclohexane as an initiator, with or without tetraphenyltin as cocatalyst. The resulting polymer poly (1,1-diphenyl l-sila-m-pent-3-ene) has an increased molecular weight (Mn/Mw = 436,000/143,000). For R 1 = R 2 = R 3 = H; R 4 = Me, ring opening reactions lead to dimers, oligomers and polymers. Thermal degradation of these results in high char yields [31] .
The anionic dimerisation and ring-opening polymerisation of l,l-divinyl-l-silacyclopent-3-ene has been also explored. Dimer and polymer have been separated and fully characterised and a mechanism for this reaction has been proposed [32] .
Poly(l-sila-cii-pent-3-enes) (III) contain a cis-double bond and several addition reactions have been studied. Thus, poly(l-silapentanes) have been obtained by chemical reduction with diimide [33] . Addition of
dichlorocarbene[34a], chlorofluorocarbene[34b] and difluorocarbene[34c] to poly(l-sila-cis-pent-3-enes) (ΙΠ)
have also been performed. Characterization of cyclopropanated polymer microstructures have been determined as well as their thermal stabilities. These adduct polymers slowly undergo spontaneous dfcpolymerisation at room temperature for which a mechanism was proposed. 1 9 Silacyclopentenes (I) with R = H, R = H, Me, Ph are of particular interest as corresponding polymers (III) containing a silicon-hydrogen bond have been obtained by anionic ring opening polymerisation. Such hydrosilation cross linkable polyunsaturated carbosilane) polymers have several potentials in applied chemistry [35] .
Stress-strain behavior and dynamic mechanical properties of poly(sila-cis-pentenes) before and after crosslinking with sulfur have been reported. The influence of polymer molecular weight, quantity of cross linking agent, cure time, presence of carbon black filler, and the effect of crosshead speed were throughly investigated^].
Ill-Synthesis and chemical properties of 6-oxa-3-sila (and germa)hicvclol3.1.01 hexanes
Such bicyclic species (IV) are directly obtained by direct epoxidation of metallacyclopentenes (I), using p-nitro or m-chloroperbenzoic acid in Et20 or CH2CI2 :
Four main reactions of these system will be reviewed. 1. Nucleophilic attack on Μ Nucleophiles as alkyllithium reagents, alkylmagnesium halides, protic acids attack on the metal center and induce ring opening. Linear γ-ethylenic sila and γ-germacompounds (V) are thus produced quantitatively [37a,38] 2. Nucleophilic attack on 3-C Several reagents mainly attack on the carbon of the oxirane ring. The silicon heterocycle is maintained and functional metallacyclopentanes are thus obtained. For instance, LiAlH 4 reduces oxirane (TV) into the corresponding metallacyclopentanols [37a] . Halohydrines are formed by treatment of (IV) with protic acids[37c], 39, 40] , 4-azido-l-silacyclopentan-3-ols [40] and 4-aminol-silacyclopentan-3-ols [40] have been obtained respectively with acetic acid, sodium azide, and bromomagnesium dialkylamides:
XIV
Electrophilic Lewis acids (BF 3 , Et 2 0 or Al(OiPr) 3 ) assistance to oxirane ring opening is needed with reagents such as alcohols and trimethylsilylazide. These reinforce the positive character of the ß-carbon and induce the attack on this carbon at low temperature [40] In the absence of a nucleophilic reagent, Lewis acids induce decomposition of the 6-oxametallabicyclo-[3.1.0]hexane into siloxanes (or germoxanes) and diene. 3. Hydrogen abstraction on C-2 A third type of reaction was observed between metallaoxiranes (IV) and lithium dialkylamides. Lithium diethylamide for instance is a strong base and a poor nucleophilic agent. This reagent abstracts the hydrogen bonded to the α-carbon. Nucleophilic attack on Μ is not observed. After hydrolysis, sila (and germa) cyclic allylic alcohols (IX) are obtained. These results can be compared with those reported in the carbon isologue series. Crandall et al. [41] report the formation of several cyclic products in poor yield when lithiumdialkyamide reagents react with cyclopentene oxide. It can be conclude that silicon and germanium atoms in (IV) govern the path of the reaction XV.
Such sila (and germa)cyclopenten-ols (IX) are easily deshydrated on alumina or via carbamate or xanthate derivatives into siloles or germoles, compounds (X) which have been closely studied in our group in Toulouse [42] :
It is also possible to prepare sila and germacyclopentane-2,3-and 3,4-diols from corresponding oxametallacyclopentanes with a known stereochemistry [39] .
Thermal generation of silanones and germanones
In previous papers [43] , it has been shown that thermolysis of 6-oxa-2-sila (or 2-germa)bicyclo[3.-1.0] hexanes leads to 3-sila (or 3-germa) cyclopentan-l-ones and l-oxa-2-sila (or germa)cyclohex-5-enes :
This reaction can be accounted for by the existence of intramolecular interactions between the oxygen and the metal atom. In the case of 6-oxa-3-sila (or germa)bicyclo [3.1.0] hexanes (IV), the thermolysis (flow system, 460°C, 10^ torr) give rise to cyclosiloxanes (or germoxanes) and 1,3-butadiene. Copyrolysis of (IV) and an excess of 2,2,5,5-tetramethyl-l-oxa-2,5-disilacyclopentane lead to the corresponding diene and the expected product of trapping dimethylsilanone [44a] ,7-dimethyl-2,3,7,8-diepoxy-5-silaspiro[4.4] nonane (XI) with cyclotrisiloxanes yields spirocyclosilanes [44a,45] . These siloxanes may result from the insertion of "[0=Si=0]" into the Si-O single bond of the trapping reagents. The structures of these siloxanes have been determined 1 13 OQ by H, 1J C, ^Si NMR and by X-ray crystallography. In the absence of trapping agents, silicon dioxide of Ο high surface area (310 m /g) is deposited. This new material has been characterised by scanning and transmission electron microscopy [45a] : Vacuum pyrolysis of (XI) (M = Si) leads to the formation of monomelic silicon dioxide (0=Si=0) trapped in an argon matrix and isoprene, whereas under the same conditions the germaspiro analog derivative (XI, Μ = Ge) affords germanium monoxide (GeO) and corresponding divinylethers and butadienes. A multistage mechanism of pyrolytic decomposition of spirobicyclohexanes (XI) was proposed on the basis of experimental data and calculations: o:
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The different behavior of the silicon and germanium compounds having similar structures can be explained by an increase in the divalent state stability and by a decrease in the energy of the metal-oxygen double bond on going from silicon to germanium [46] .
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IV· Biologically active compounds derived from 1-silacvclopent-3-enes.
Platinum spiro complexes
As shown on scheme III , 1,1-dimethyl l-silacyclopent-3-ene is a convenient starting material to prepare compounds as "Pt-2" and "Pt- Those derivatives have a high antitumoral activity and a low nephrotoxicity compared to carbon similar platinum complexes [47] . No results have been reported in the germanium series.
Trans-4-Aminosilacyclopentan-3-ols
As shown before, compounds (VIII) can be obtained in a two steps process:
Such silylated ß-aminoalcohols have undergone biological testing [40] . Their biological activity as serotonin antagonists is highly increased by the presence of the silicon atom. Serotonin (5-HT, 5-hydroxytryptamine) is considered to be involved in thermoregulation, appetite, memory, pain, sleep, sexual behaviour as well as psychiatric disorders such as anxiety and depression. A member of the sila series, (-NR J R 2 = l-(4-fluorophenyl)piperazine) displayed a high antagonist activity after oral administration. The dose (ED50) which conferred protection on 50% of the animals was about 10 mg/Kg [48] . IC50 depends on R, Low valent species as silanones, germanones, [0=Si=0], and germanium monoxide are generated from coiresponding silaoxiranes (IV) or (XI).
Compounds (I) are also very useful synthons to prepare siloles and germoles (X), a four electron ligand. They also have applied potential and give rise to organometallic polymers, antitumoral agents, and serotonin antagonists. Unfortunately, many other facets of this subject have been omitted in this short survey.
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